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CHAPTER I
INTRODUCTION

During the last two decades, since the heart has become a
direct target for various surgical procedures for the correction of
several abnormalities, interest in understanding its basic
regulatory mechanisms and performance has increased considerably.
Many experiments have been devised to study cardiac performance,
under different circumstances, as an isolated preparation or as an
integrated part of a functioning system. The results derived from
these investigations not only proved to be important conceptual tools
in making many observed phenomena more readily comprehensible,
but also provided us with valuable basic principles to treat cardiac
patients before and after open heart operations.
The purpose of this paper is to investigate the control of
the function of the heart in dogs with the chest and pericardium open,
and under strictly controlled conditions. In spite of all the work

j

done in this field, there still exists some degree of confusion regarding

_j

factors governing cardiac performance. Without trying to take sides

the relative importance of autoregulatory mechanisms and extrinsic

as to the priority of either of these mechanisms, we have made an
effort to confine our interest mainly to the intrinsic autoregulation
of the heart.

CHAPTER II
INTRINSIC MECHANISMS RELATED TO
THE PERFORMANCE OF THE ISOLATED HEART

"An increased understanding of the
integrated function of an organism is
predicated, at least in part, on
understanding the function of its
component organs. A determination of
the extent to which an organ makes
intrinsic readjustments to varying
conditions, i.e. , autor egulates, is a
desirable and helpful precursor to a more
refined analysis of the effects of extrinsic
influences. "
S. J. Sarnotf (14)
As early as 1878 Waller (17) suggested that when "the left
ventricle is forced to work against a higher pressure, it has to be
filled abundantly and under high pressure. " A few years later Fick (5)
and Blix (2) independently, disclosed the relationship between the
initial length of the skeletal muscle and the force of its subsequent
contraction. At the same time Frank (6) published his observations
on the cardiac muscle, which was later systematized by Starling and
his co-workers (10). The result of these efforts came to be known as
the Frank-Starling law of the heart, which predicts that the heart
ejects whatever volume is put into it.

If the end-diastolic pressure

and fiber length is increased by an augmented inflow, the ventricle
will contract more forcefully and thus expel a larger stroke-volume.

3
Because this mechanism is based upon the initial fiber length of the
myocardium, it was designated as heterometric autoregulation (12).
This phenomenon occurs on a beat-to-beat basis.
A good visual representation of myocardial contractility
is the ventricular function curve. This shows graphically, the
relationship between the left ventricular end -diastolic volume or the
initial fiber length and the external stroke-work of the left ventricle
during the subsequent contraction. Sarnoff and his co-workers
(12, 13) have shown that, although at a given time and with a given
heart, this relationship is consistent and reproducible if the biochemical
and physical environment of the myocardium is not altered; it is possible
to shift from one curve to another as the result of certain interventions.
Therefore, it became clear that no single ventricular function curve
can adequately explain the performance characteristics of a given
heart, but rather, a family of curves can be elicited.
The relationship between the left ventricular end -diastolic
volume or initial fiber length and its subsequent external stroke-work
is more readily comprehensible, if a ventricular function curve, such
as shown in Figure 1, is analysed.

The stroke-work which is the

integrated product of the left ventricular pressure and the accompanying
stroke-volume, is plotted on the vertical axis; and the end-diastolic
volume, on the horizontal axis.

It is noticeable that at the left end of
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FIGURE 1

The relationship between the left ventricular end-diastolic volume
and its external stroke·work: Ventricular function curve.
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this curve, which expresses the performance of a small heart with
relatively low inflow, a large change in the end -diastolic volume is
required to produce a small increase in the following stroke-volume
and consequently, the external stroke-work.

As the heart becomes

more distended subsequent to an increased filling pressure or inflow,
smaller changes in the end -diastolic volume bring about larger
changes in the stroke-work. This phenomenon is characterized by
the steep segment of the curve which is the normally operative portion.
Hence, large increases in the cardiac performance can be obtained
without extensive changes of the ventricular filling pressure or any
engorgement in the left atrium and the veins behind it.
The physical principle behind this mechanism becomes evident
if one considers two spheres with different cross-sectional diameters.
To obtain a certain stroke-volume, the smaller sphere will require
a large change in its diameter and relative volume, whereas, the
larger sphere can produce the same stroke -volume with a smaller
change. On the other hand, the ventricular function curve infers that
with a larger heart, not only is there a less extensive change in the
end-diastolic volume; the stroke-volume also does not remain the
same but increases.

This is brought about by an increased myocardial

contractility due to an augmented fiber tension at the end of the
preceding diastole in case of a more distended heart.

6
Up to this point we have tried to show that the heart responds
to augmented inflow by increasing its external stroke-work, within
different proportions depending upon the state of distension it is
submitted to, but always moving along the same

vent~icula.r

function

curve. Only, as it has been previously pointed out, .this is not always
the case and the cardiac performance .is best visualized by considering
a family of ventricular function curves. This shift from one curve
to another can be produced by many factors; change in myocardial
contractility being one of them.
If, during the performance of the heart along a ventricular
function curve, infusion of norepinephrine is started, the heart
shifts to a steeper curve to the left of the previous one. This shows
that from any given left ventricular end-diastolic volume, not only
does it produce more stroke-work, but the rate of development of
tension is also greater (14). An increase in contractility has
therefore taken place, As long as the norepinephrine infusion is
maintained, the left ventricle continues to exhibit heterometric
autoregulation along the new curve. When this drug is withdrawn,
the heart again returns to perform along its previous ventricular
function curve. The effects of digitalis (4), hypothermia (8), surgical
interventions on the heart (16, 9) and successive electrical defibrillations
(7) have been cornprehensively analysed with the use of this method
of investigation.

7

A second type of autoregulation has been referred to as
homeometric autoregulation, because it is not associated with any
change in the initial myocardial fiber length (14). Unlike heterometric
autoregulation, Which occurs immediately, this mechanism requires
at least several beats to develop fully and occurs after an increase in
the myocardial acd.vity s uch as that associated with increased aortic
pressure or heart rate.
In 1912, Antrep observed that when aortic resistance was
elevated, ventricular volume increased at first, but then subsequently
declined (1). Starling (15) attributed this change of contractiHty to the
presumed increase in the coronary blood flow when the aortic pressure
is elevated.
Finally, Sarnoff and his associates (14), working with
isolated heart preparations where the coronary flow is controlled,
show~d

that, independently from any change in the coronary

circulation, the heart responds to increased resistance in four definite
phases. Immediately after increasing the aortic resistance, the left
ventricular end-diastolic pressure rises along with the elevation of
the aortic pressure. Shortly thereafter, the left ventricular enddiastolic pressure starts declining while the aortic pressure continues
to rise.

This is the result of an increased contractility of the

myocardium by which it is capable of performing an increased
stroke-work with an initial fiber length equal or shorter than what it

8

had been during the control period.

With this mechanism the heart

can expel the same or nearly the same stroke-volume against a wide
range of resistances without more than a brief invasion of its
heterometric reserve (14).
This decline of left ventricular end -diastolic pressure
continues until a new equilibrium is reached.

When the imposed

aortic resistance is suqdenly removed, the left ventricular end -diastolic
pressure drops

~harply

to a level below the one observed during the

control period. This again, shows an increased contractility of the
myocardium since the ventricle is putting out a substantially larger
stroke-volume than it did in the control period, against the same
aortic pressure. If these contractions were to be plotted on a
ventricular function curve, they would fall to a point above and to the
left of the functioning curve during the period of control, ascertaining
that there has been an increase in the stroke-work for the corresponding
initial fiber length.

Finally, during the last phase of this autoregulation,

the left. ventricular end -diastolic pressure gradually returns to the
level which was obtained prior to the increase in aortic resistance.
If the heart rate is abruptly changed to a higher frequency
while the inflow and the coronary circulation are kept constant, a
rise in left ventricular end-diastolic pressure occurs as when the
aortic resistance is increased. The first few contractions are weaker

9
than the

subseque~t

ones indicating a diminished cardiac output which

is paralleled by an increase in the ventricular volume.
the left ventricular

~nd -diastolic

equilibrium state is reached.

Subs~quently,

pressure declines and a new

When returning to the initial rate,

an increase ·in contractility takes. place ~ evidenced 'Qy a lowe:r left
ventricular end-diastolic pressure, w.icter aortic pulse and. maintained
inflow (12).
, This phenomenon has been described first by Bowditch (3 ,
who put

fonva~d

the idea that each contraction leaves

favorable state for the

ens~ing contraqtio~.

beh~nd ·it .~ ,;more

In any .cas;e;. it seem·s .

clear that, an increase in the amount of tension

cte:v~loped.

by the

myocardium can produce a biochemical rearrangement which leaves
behind it a more favorable condition for subsequent contractions and
this phenomenon is not wholly dependent qpon an inc:reased coronary
flow (13).
In this section, we he1,ve attempted to summari2fe some basic
physiological concepts which are most closely related to the
interpretations of the results of our investigation.

Thoroughness

has not been the major objective.

It an extrasystole is induced during the regular performance
of the left ventricle, this beat is followed by a prolonged diastole,
called the compensatory pause, during which the left ventricle fills

10

for a longer period of time.

Consequently, although the inflow to

the heart remains the same as before, during the beat following this
pause; which is the compensatory beat, the left ventricle will put out
a larger stroke·volume.
Assuming that every other condition can be kept the same as
previous to the extrasystole, ·it is possible to predict that the
compensatory pause will have the same effect of a pure increase
in the inflow· and the following beat will fall somewhere above the
previously recorded points for regular beats but along the same
ventricular function curve.

This prediction is the hypothesis to be

tested during the following experiment.

l

CHAPTER III
MATERIAL AND METHODS

Adult mongrel dogs, weighing between 12. 5 and 17 kgms.
were anesthetized with I. V. Nembutal (30 mgms. / kgm. ), intubated
and connected to a mechanical respirator . A sternum splitting
midline incision was made and the mediastinum was exposed. The
pericardium was opened largely and fixed to the thoracic wall so as
to minimize the movements of the heart during each contraction. The
innominate artery was dissected extrapericardially, tied distally and
the possible largest size of a plastic tube was introduced into the
aortic arch. The other end of this tube was connected to a HarkinsBramson Electro-cardiac massage machine (*) which produces
counter -pulsations, at a desired force and rate, synchronizing its
frequency by picking up the electrocardiogram of the subject. With
this method, it was possible to elevate any drop in the end -diastolic

9
I

_]

pressure of the aorta to a predetermined level, depending upon the
previous cardiac contraction.
The left subclavian artery, coming off fr om the aortic arch
was dissected separately and a catheter was introduced into the
aortic arch. This catheter was used to monitor the aortic pressure.
(*) Hallikainen Instruments, Berkeley, California.
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The root of the aorta was dissected free from the pulmonary
artery and a sine wave electromagnetic flowmeter (*) probe was
placed around it.

The flowmeter was in turn connected to a

multi -channel cathode ray oscilloscope (* *). The aortic flow, and
by integrating this latter, the stroke-volume were recorded.
A mercury strain gauge (***)was placed around the left
ventricle, This gauge was first descriped by Rushmer (11) and
consists qf a very small rubber tube .filled with mercury which.is
included in a closed electrical circuit. A resistance in ·series (****)
is interposed between the strain gauge and the recording system and
any change of resistance in the mercurial part of the gauge due to
stretching and decrease in diameter, can be recorded, as deflections
on the oscilloscope.
Another catheter was introduced into the left ventricle
through the apex to monitor and record the left ventricular pressure.
To obtain the external stroke-work, the left ventricular
pressure and the stroke-volume obtained from the flowmeter were
multiplied and integrated in time.
(*) Microflo Electromagnetic Flowmeter: Medicon Inc.
2800 North Figueroa Street, Los Angeles 65, California.
(**) Electronice for Medicine Inc. : White Plains, New York.
(***) Parks Electronics Laboratory: Beaverton, Oregon.
(****) Model 270 Plethysmograph: Parks Electronics Laboratory
Beaverton, Oregon.
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Simultaneously, the ventricular pressure was recorded on
the vertical a:x;is and the changes in volume on the horizontal axis.
In this way a loop was obtained representing the external stroke-work
of the left ventricle.
·The experimental arrangement is seen in Figure 2·..
At the· beginning of the.experiment a control recording of
all the ·measur·e ments was obtained. Thereafter, citrated'blood in
amounts of about:75 cc. was infused to the animal intermittently,
through the left femoral vein, so .as to increase the total blbod volume
and inflow to the left ventricle. \N'hil'e the same measurenierits

we!e recorded for each new blood volume and infl0w, extrasyst0les
were induced by scratching the myocardium with a needle.
All' recordings of normal beats, extrasystoles and compensatory
beats were measured and plotted .on ventricular function curves. At
the end of the experiments, the animals were sacrificed.

J
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COUNTER PULSATION.

AORTIC FLOW
AND
.STROKE-VOLUME

STRAIN-GAUGE
MEASURING LV
VOLUME CHANGES

------

FIGURE 2

The experimental preparation.

J
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CHAPTER IV
RESULTS AND DISCUSSION

Before going into the analysis of the results, it seems
appropriate to make some comments about a few of the instruments
utilized in this experiment and the reliability of their measurements.
As it has already been explained in the previous section,
any sudden change in the aortic pressure, for instance, if the
left ventricle had to beat against a decreased resistance, the
resulting point corresponding to that beat along the ventricular
function curve, will be shifted to the left, as if there had been an
increased contractility of the myocardium.

This phenomenon becomes

very important when one considers the beat after an extrasystole.
In this case, there follows a prolonged period of diastole, the
compensatory pause, followed by the compensatory beat which is of
a larger amplitude compared to the regular beats. During this
compensatory pause, as there is no flow in the aorta for a longer
period of time compared to the regular diastole, the aortic
end-diastolic pressure drops to a lower level than what it had been
during the previous contractions. The result is that, during the
compensatory beat, the left ventricle does not only put out an
increased stroke-volume but also pumps it against a lower resistance.
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The latter fact alone can account for the shift of that beat to a point
higher and to the left of the functioning curve.
The purpose of the use of the counter-pulsator is to prevent
this shift from happening .<>n account of a decreased ao:rtic ,resistance.
It is so arranged that the machine can be synchroniz~d with.the .
subject's electrocardiogram and a desired pressure can be triggered
automatically, at a constant delay following each contractiop depending
•

'

'

upon the.
rate of the aortic puise.
.

•,

.

'

•

I

•

In this way, during the ,compensatory
.

pause the aortic end-diastolic pressure can be brought up to its
------.
=

previous level, before the compensatory beat ensues.
Figure 3, which is a recording of the measurements with
'

'

three different .inflows, shows changes in the aortic pressure
clearly.
I
Therefore,, it can reliably be postulated that in this experiment, any
observed shift of the compensatory beat away from the functioning
curve is not due to decreased aortic resistance but to some other
factor.
The aortic flow is recorded directly from an electromagnetic
flowmeter as can be seen in Figure 3. The increase in aortic flow
during the compensatory beat can also be observed. The flow is
integrated in time to obtain the stroke-volume (Figure 3). Every
deflection corresponds to the volume expelled during that systole.
During diastole, as there is no fiow , the tracing comes to a
horizontal position which constitutes the baseline for the next
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stroke -volume. · This method ·of recording makes the measurements
of individual stroke-volumes easier and has the advantage of malting
corrections' on ·the baseline during the experiment because the ·

electrorriagneti~ flowmeters are subject to zero drift. This can
rea~ily

.

'

be ·suspected from a shift of the horizontal positidn of the

tracing and c'o rrected during recording.

The product of the ::u:~rtic flow .and the left ventri2ular
pressure gives the left ventricular po)Ver. This, in turn iS integrated
in time to obt~in the left ventricular external stroke-work, which is ·
recorded in the same manner as the stroke-volume, the advantages
of the procedure being already cited (Figure 3). It can be observed
that during the compensatory beat there occurs an increase in both
the str oke -volume and the stroke -work, the increase in the latter
being comparatively much more pronounced than the change in the
stroke-volume. The reason for this phenomenon is that the stroke-work
is the result of a multiplication of the volume with the left ventricular
pressure, which ·in itself, is independently subject to an increase
during the compensatory beat (Figure 3).
The mercury strain gauge was first used by Rushmer (11)
as a measure of the circumference, but it so happens that it reflects
the changes in the volume. This is shown in Figure 4, where the
strain gauge was tied around a balloon which was inflated with known
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amounts of air and the deflection of the gauge recorded.

It can be

observed that with a steady increase in volume the deflection of the
gauge is perfectly linear. If it were the expression of a change in
circumference and not the volume, the recording would become steeper,
instead of remaining linear, as the balloon was inflated.
The recording of the strain gauge is shown in Figure 3. The
highest point in the tracing corresponds to the state when the left
ventricle is distended to its maximum, namely the end -diastole; ahd
its lowest point is the peak systole. The difference between these two
points is the measure of the stroke·volume for that beat. As it can
be noticed, during the compensatory beat, the point corresponding to
end -diastole is higher than those for regular beats, resulting in an
increased stroke-volume. To check the reliability of the measurements
of the· strain gauge, mean values of stroke-volume obtained from at
least fifteen consecutive beats were correlated with the mean values
of the same measurement calculated from the integrated flowmeter
recordings. Thus, a comparison of two methods, recording the same
parameter was available. The standard deviation of the values
obtained from the strain gauge was 0. 087 with a standard error of the
mean of 0. 0167. This shows very little variability for consecutive
measurements and gives a reasonable degree of confidence. When
these values are plotted on a scatter diagram (Figure 5), a positive

,
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correlation between the two measurements is noticeable. The
calculated correlation coefficient (Pearson r) is 0. 976, which is
statistically ·s ignificant for that large a sample beyond the level .
p

=0. 01.. · A small degree of scatter for higher values ·can be

explained with the fact that the ·linearity of the strain gauge as shown
in Figure 4, , is ·slightly disturbed when the balloon was excessively
distended and the .recording became a little flatter at that point. · This
fact has no practical significance as far as the observed measurements
are concerned because ·the heart was never that much distended during
the experiment. As a result of this two way measurement and
recording of the stroke -volume; and the high correlation between the
two, values obtained seem to be reliable. Both the flowmeter and the
strain gauge can be calibrated with known volumes before the
experiment and absolute values can be obtained. We did not do this
because we were not interested in quantitative measurements;
relative values being satisfactory for the purpose of this

inve~tigation.

In Figure 3, the left ventricular pressure is recorded at
twice the sensitivity as the systolic pressure. This is the reason why
the peak systolic pressure does not coincide with the peak systolic
aortic pressure. On the other hand, a. better visualization of the
ventricular end-diastolic pressure is possible, which is seen to increase
with augmented inflow. This is in agreement with the principles of
initial fiber length already stated.
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Figure 6 shows simultaneous recording of the ventricular
pressure on tne vertical axis :and the changes in volume on the
horizontal axis. ·This i s the expression of the external stroke-work
of the left ventricle. · At the beginni.ng of ·systole, the:re occurs an
increase in ,v entricular pressure with ·no. change in its volume. ·This
is the· period·of i'sometric contraction. .In the second stage of· the
systole, · the heart shrinks evacuating itself, whHe the same level of
intraventricular pressure is sustained. At the beginning. of diastole,
the pressure drops suddenly which is followed by an increase in the
volume corresponding to the filling period of the ventricle, with no
change in its pressure. The area framed by this loop is the amount of
work performed ·by tqe ventricle during that particular beat.
Figure 7 shows ventricular function curves obtained from
three different dogs. The upper .curves show the relationship

b~tween

the stroke-work and the end-diastolic volume. To assess the degree
of participation of the increase in
of the left

ventr~cle,

th~

stroke -volume to the performance

a separate curve has been drawn to show its

relation to the ·end -diastolic volume. This has been done both with
values obtained from the strain ga1,1ge and the flowmeter. These two
curves are parallel, assessing once more to the similitude of the two
measurements.
Although the three ventricular function curves were obtained
from different animals, they can be thought of as different portions
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of the same curve which would have been an "S'' shaped curve if it were
to cover the whole range of ventricular performance. Probably, the
whole range in the same subject would not be compatible with life
but at one time or other a certain heart will be functioning along a
certain portion of this curve.
If one could imagine a hypothetical heart which empties
itself completely at the end of each systole so that the end -systolic
volume is always equal to zero, the relationship between its enddiastolic volume and the stroke-volume could be represented with a
straight ventricular function curve with a slope of 45 degrees. This
means that any ventricular function curve is also a representation of
the stage of distension or shrinkage of the left ventricle.

Hence, any

shift of the function curve from linearity is a reflection of the fact
that the heart is either getting larger or smaller, between consecutive
points along the present ventricular function curve. This fact is
important to bear in mind while analyzing the obtained ventricular
function curves, during the next paragraphs, because any discrepancy
between the changes in end-diastolic volume and the stroke-volume
can be explained in these terms.
The first ventricular function curve from the left shows the
left ventricle performing at a low inflow. Large changes in volume
are required to produce small increases in its external stroke-work.
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This proves that, While the inflow is being augmented betWeen t:Wo
consecutive points along this portion of the curve, the heart is also
increasing· in size by retaining a pa:rt of the inflows as end-systolic
residue. The result is that, ·although the external stroke-work is
augmented;· this is not accompanied by an increase in stroke-volume,
which is kept the same by retaining the excess inflow . . If extrasystoles
are produced, during the followin:g compensatory beat there is an
increase in the stroke-work which is not accompanied by an augmented
stroke -voluine either. This means that the increase ·in stroke ~work
is brought about by an increase ih left ventricular pressure alone· and an
extensive change in the myocardial fiber length occurs resulting in an
inefficient beat because it does not serve the purpose of. increasing
the stroke-volume. One can speculate about the outcome of this extra
effort by assuming that it is disposed of as frictional or chemical
heat. If this were true, then the heat loss of the myocardium working
with a low input would have been· higher leading ultimately 'to failure.
On the other hand, there is no such state as cardiac failure consequent

to low output. Therefore, with fu:rther speculation, one can as·s ume
that, during this \inefficient period, the loss of energy is minimized
by prolonging the· time of shortening of the fibers during contraction.
As the production of heat is dependent upon the rate of shortening of
the myocardial fibers and not the extent, prolonging this period would
cut down the production of heat. At this stage, it is also noticeable
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that the lines connecting the compensatory beats to the preceding
regular beats, are vertical, the reason being that an increase in
stroke-volume has not occurred. The logical interpretation of this
behavior would be that even for a single beat, the heart will behave
according to the state of function it is in for that definite period of
time and for this particular instance will tend to grow larger by
retaining a portion of its infl0w during the preceding compensatory
pause.
The second ventricular function curve represents the steeper
portion where the myocardium is functioning efficiently. This is
probably the normally operating portion of the curve, where, with
each contraction the heart can empty nearly all the amount of blood
it receives during the preceding diastole. It is observed that small
changes in volume bring about augmented stroke-work accompanied
by an increased stroke-velume. The part pla.yed by the stroke-volume
is further evaluated if one considers that during the compensatory
beats, the increase in stroke-work is paralleled with an increase in
stroke-volume. One can also notice the slope of the line joining the

l

compensatory beats and the corresponding regular contractions is
flatter.

This was not the case for the lower portion of the curve.
The third function curve represents performance with a very

high inflow.

The heart is distended to its maximum and it requires

large changes in its volume to produce extra stroke-work, witnessed
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by the flattening of the ventricular function curve. This characteristic
of the curve again proves that the heart is increasing in volume
because it cannot keep up with the large amount of inflow. This is the
dilatation· of the heart in high output failure.

It can again .be speculated

that the myocardium would try to overcome this state of inefficiency
by increasing the speed of contraction of its fibers, and hence waste
its energy in the form of increased heat production. The speculations
about the heat production during this discussion are based upon other
experiments which were conducted as ·a part of this investigation.
Although it was possible to obtain some notions in the direction
already explained, the instrumentation for measuring the myocardial
heat was not completely reliable. Therefore, its results are not
exposed here but presented merely as a best possible guess.
At the beginning of this experiment it has been postulated
that, every condition being constant, the compensatory beats after
ext.r asystoles would fall higher but along the same ventricular function
curve. As it can be observed from Figure 7, this is not found to be
the case. The compensatory beats invariably were higher than and
to the left of the functioning curve, probably along another one, even
for very low blood

volum~)a.

The prediction that they would fall along the same curve is
based on the assumption that during the compensatory beat the left
ventricle performs only as a pump in which an increased amount of
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fluid has been poured, with no change in its

contracti~ity

and power

capacity, compa.r ed to a common hypothetical baseline.
The observation that this prediction did not prove to be
correct can possibly be explained by assuming that, during the
compepsatory beats, an increase in myocardial contractility occurs,
compared to the immediately preceding state of performa,nce of the
myocardiurp.. TI1is extra power is i,n turn used to expel an increased
volume, resulting in a point along another more sensitive ventricular
function curve. This assumption seems to be supported with the
records obtained during this investigation.

CHAPTER V

CONCLUSIONS

An experiment was devised to s.tudy compensatory beats
after induced extrasystoles, under controlled conditions in dogs.
It was observed that, contrary to predictions, these beats did not
fall along the ventricular function curve operating at that time but to
a point above and to the left of it. Data obtained during this investigation
appeared to support the assumption that during the compensatory
pause after extrasystoles, while there is an increased inflow
resulting in an augmented stroke-volume, there also occurs an
increase in the contractility of the myocardium. This change of
contractility is very much dependent upon the state of present blood
volume and the immediately preceding performance characteristics
of the left ventricle.
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